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METHOD AND SYSTEM FOR WINDOWING

RELATED APPLICATIONS

This application claims priornity to U.S. Provisional Patent
Application Ser. No. 60/738,770 by inventors Johann Chiang,
et al., enftitled “Method and System for Windowing” filed on

Jan. 13, 2006, the entire contents of which are hereby
expressly incorporated by reference for all purposes.

TECHNICAL FIELD OF THE INVENTION

The invention relates 1n general to methods, systems and
apparatuses for shaping the energy spectrum of a UWB sig-
nal. More particularly, the invention relates to methods, sys-
tems and apparatuses for shaping an energy spectrum of a
UWRB signal through the notching of the energy spectrum of
the UWB signal. Even more particularly, the invention relates
to 1increasing the depth of notches in an energy spectrum by
decreasing or minimizing sidelobe contributions using win-
dowing techniques.

BACKGROUND

Recently, wireless data, entertainment and mobile commu-
nications technologies have become increasingly prevalent,
particularly in the household environment. The convergence
of these wireless data, entertainment and mobile communi-
cations within the home and elsewhere has created the need
for merging many disparate devices into a single wireless
network architecture capable of seamlessly supporting and
integrating the requirements of all of these devices. Seamless
connectivity and rapid transfer of data, without confusing
cables and wires for various interfaces that will not and can-
not talk to each other, 1s a compelling proposition for a broad
market.

To that end, communication industry consortia such as the
MultiBand OFDM Alliance (MBOA), Digital Living Net-
work Alliance (DLNA) and the WiMedia Alliance are estab-
lishing design guidelines and standards to ensure interoper-
ability of these wireless devices. The WiMedia Alliance has
promulgated such a guideline and standard, heremafter
referred to as the WiMedia Specification.

Although 1t began as a military application dating from the
1960s, UWB has recently been utilized as a high data rate
(480+ Mbps), short-range (up to 20 meters ) technology that1s
well suited to emerging applications in the consumer elec-
tronics, personal computing and mobile markets. When com-
pared to other existing and nascent technologies capable
wireless connectivity, the performance benefits of UWB are
compelling. For example, transierring a 1 Gbyte file full of
vacation pictures from a digital camera to a computer take
merely seconds with UWB compared to hours using other
currently available, technologies (1.e. Bluetooth) and con-
sume far less battery power 1n doing so.

In typical UWB, data is transmitted using a plurality of
signals, the plurality of signals are transmitted using a plural-
ity of frequencies within a UWB frequency range. The signal
transmitted at any one frequency 1s referred to as a tone. Thus,
a typical UWB signal 1s comprised of a plurality of tones,
cach tone associated with a particular frequency.

Because UWB, by definition, 1s spread over a broad spec-
tral range, the power spectral density of a signal utilized by a
UWB device 1s usually very low, and hence, usually results in
low 1ncidence of interference with other systems which may
be utilizing the same bandwidth as the UWB device or sys-
tem.
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2

Power spectral density, however, may be a function of
distance. Consequently, 1f a UWB device 1s in close proximity
to another wireless system, the potential for interference
between the UWB device and the wireless system cannot be
neglected.

Additionally, there may be select frequency bands within a
UWB channel where 1t 1s necessary to explicitly suppress
emissions. For example, some existing UWB spectrum allo-
cations encompass Ifrequencies used by C-Band satellite
downlinks. Thus, it may be necessary 1n certain regulatory
domains for UWB systems to defer to these and other types of
systems.

Thus, the ability to control the shape and energy of a UWB
signal 1s 1important for many reasons, including regulatory,
commercial and interference. Therelore, there 1s a need to
develop methods and techniques for controlling or shaping
the power spectrum of a UWB signal or waveform.

SUMMARY OF THE INVENTION

One or more of the problems outlined above may be solved
by the various embodiments of the imnvention.

Broadly speaking, embodiments of the invention comprise
methods and systems for controlling or shaping the power
spectrum of a UWB signal or waveform, in particular,
embodiments of the imnvention regard methods or systems for
reducing UWB signal power over a desired range of frequen-
cies. In some embodiments, a windowing function is utilized
in conjunction with cyclic suffixing techniques to reduce
sidelobes 1n a transmitted UWB si1gnal. The windowing func-
tion may be chosen such that when an overlap-add technique
1s applied, the windowing can be substantially undone and the
wavelorm substantially reconstructed at a receiver. In particu-
lar, 1n one embodiment, to create a cyclic sulfix, a certain
number of samples of a signal are duplicated and appended to
the signal such that the signal comprises the original signal
and the appended suilix. A particular windowing function
may be applied to the signal such that when an overlap-add 1s
performed at a recerver, the original waveform may be sub-
stantially reconstructed.

One embodiment of the present invention 1s a method for
shaping the power spectrum of a UWB signal, comprising: at
a transmitter: copying a portion having a length from the
UWRB signal, appending the portion to the UWB signal and
applying a windowing function to the UWB signal, wherein
the windowing function 1s selected such that applying an
overlap-add function to the windowed UWB signal will sub-
stantially undo the effects of the windowing function.

The above method may further comprise: at a receiver:
receiving the windowed UWB signal and applying an over-
lap-add function to the windowed UWB signal such that the
clfects of the windowing function are substantially undone.

In some embodiments, the windowing function or the
length of the cyclic suilix may be chosen based upon desired
properties ol the waveform 1n the frequency domain. For
example, the windowing function or the length of the cyclic
sullix can be chosen so as to minimize the power 1n sidelobes.
The choice of a particular windowing function or length of the
cyclic suifix may depend on a number of factors including the
desired signal power 1n a desired frequency range. The win-
dowing function or number of samples 1n the cyclic sulfix
may affect the ability to recapture the energy of the wavetorm,
the suppression of sidelobes, the maintenance of the width of
the mainlobe, efc.

Embodiments of the present invention provide the advan-
tage that when combined with tone nulling signal power over
a desired range of frequencies 1s reduced. Embodiments of
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the present 1invention provide the additional advantage that
the reduction of signal power can be more effective relative to
other methods of reducing signal power. Embodiment of the
present invention provide further advantages in that the
present invention 1s straight-forward to implement and can be
accomplished in the time domain. An additional advantage of
embodiments of the present invention 1s that windowing can
be applied to the preamble and payload of a signal equally.
Embodiments of the present invention provide the added
benelit of accelerating rolloil at band edges, thus reducing out
of band emissions.

These, and other, aspects of the invention will be better
appreciated and understood when considered 1n conjunction
with the following description and the accompanying draw-
ings. The following description, while indicating various
embodiments of the invention and numerous specific details
thereot, 1s given by way of illustration and not of limitation.
Many substitutions, modifications, additions or rearrange-
ments may be made within the scope of the invention, and the
invention includes all such substitutions, modifications, addi-
tions or rearrangements.

BRIEF DESCRIPTION OF FIGURES

A more complete understanding of the present invention
and the advantages thereol may be acquired by referring to
the following description, taken in conjunction with the
accompanying drawings in which like reference numbers
indicate like features and wherein:

FI1G. 1 1s a graphical representation of notching the power
spectrum of a UWB signal.

FIG. 2 1s a graphical representation of a notch created in
power spectrum of a UWB signal using one embodiment of
windowing in conjunction with a cyclic suifix of length 16.

FIG. 3 1s a graphical representation in the frequency
domain of the effects of using one embodiment of windowing
to reduce sidelobes of a tone.

FIGS. 4A-4B are representations of one embodiment of
cyclic suilixing techniques and methods.

FI1G. 4C 1s arepresentation of one embodiment of window-
ing elfects.

FIGS. 4D-4E are representations of one embodiment of
overlap-adding techniques and methods.

FIG. 5 1s a block diagram of one embodiment of a UWB
system for reducing sidelobes of a signal.

FIG. 6 1s a diagrammatic representation of one embodi-
ment of a windowing function for use with an embodiment of
the present mvention and 1ts time and frequency domain
ellects.

DETAILED DESCRIPTION

The mvention and the various features and advantageous
details thereotf are explained more fully with reference to the
nonlimiting embodiments that are 1llustrated in the accompa-
nying drawings and detailed 1n the following description.
Descriptions of well known starting matenals, processing
techniques, components and equipment are omitted so as not
to unnecessarily obscure the mvention 1n detail. Skilled arti-
sans should understand, however, that the detailed description
and the specific examples, while disclosing preferred
embodiments of the invention, are given by way of 1llustration
only and not by way of limitation. Various substitutions,
modifications, additions or rearrangements within the scope
of the underlying inventive concept(s) will become apparent
to those skilled 1n the art after reading this disclosure.
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The WiMedia Alliance has developed a standard platform
for wireless communication using Ultra-Wideband (UWB)
technology. The requirements of this platform are delineated
in the WiMedia specification. While providing a standard
basis for wireless communication using UWB technology,
the WiMedia specification promulgated by the WiMedia Alli-
ance 1s being continually developed by members of the Alli-
ance to incorporate mnovations which enhance the usetulness
and functionality of WiMedia UWB wireless communication
systems.

To this end, members of the Alliance are enhancing the
functionality of WiMedia UWB wireless technology by
developing methods which allow WiMedia UWB wireless
systems to avoid interfering with radio systems which use
frequencies 1n or near the broad swath of frequencies which
lie within the frequency range used by UWB wireless sys-
tems. WiMedia UWB wireless technology 1s also being
enhanced by the development of signal detect and avoidance:
WiMedia UWB wireless radio functionality has been devel-
oped which enables WiMedia UWB wireless radio systems to
detect signals and noise. If signals or noise i1s detected, a
WiMedia UWB wireless system can then avoid using the
frequencies upon which the signals or noise was detected.
The purpose of this functionality 1s to enable WiMedia UWB
wireless radio systems to operate without interfering with
other wireless systems and to avoid frequencies plagued by
noise. While signal detection and avoidance has been dis-
cussed with regard to WiMedia UWB wireless systems, 1t 1s to
be understood that signal detection and avoidance can be used
in other communication systems with similar results.

Embodiments of the invention encompass systems, meth-
ods and techniques for suppressing or reducing signal power
over a desired range of frequencies. These methods and tech-
niques can be used to reduce the interference between a UWB
signal and other signals 1n a particular frequency range. It may
be possible for such UWB systems to dynamically determine
frequencies 1n the frequency range over which a UWB signal
1s transmitted on which there are noise or signals. The UWB
system can then null tones at specific frequencies, so as to
notch (1.e. suppress or reduce) the power of a transmitted
UWRB signal over specifically chosen frequency ranges to
avold interfering with the known or detected radio systems
and noise.

An example of one embodiment of notching the UWB
signal power through nulling 1s shown in FIG. 1. In FIG. 1,
trace 110 shows how nulling tones has produced anotch in the
power spectrum from approximately —151 MHz to -48 MHz.
As shown by trace 110, 1n a Ifrequency range spanning
approximately 51 MHz (e.g. from approximately —-151 MHz
to —48 MHz), the power has been reduced from over —-43 dBm
to less than —60 dBm at some frequencies—a drop of approxi-
mately 23 dBm.

Nulling tones can be done dynamically, 1n response to
signal or noise measurements, or the tone nulling can be
applied to a fixed range of frequencies, or a combination of
fixed tone nulls and dynamic tone nulling can be used. Thus 1t
1s possible for a UWB system to avoid detected signals and
noise and to avoid interfering with frequencies known to be
used by other radio systems.

Mere tone nulling alone, however, may not completely or
adequately eliminate signal power over the desired frequency
range, because in many UWB implementations, generating a
tone produces sidelobes with an associated signal power at
frequencies different from the frequency of the generated
tone. As a result, sidelobes generated by producing tones may
bleed-over into, or resonate within, the UWB frequency range
over which 1t 1s desirable to reduce power.
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The etfects of this are shown by trace 110 of FIG. 1 which
represents notching the power spectrum of a UWB signal:
despite nulling tones, signal power still exists within the
notched range of frequencies. For example, mn FIG. 1, at
approximately 100 MHz, trace 110 exhibits a power level 5
exceeding —60 dBm. This 1s due 1n part to the signal power of
sidelobes bleeding-over or resonating within the nulled tone
frequencies. As graphically shown by trace 110, this has the
elfect of dimimishing the interference-avoiding effects of tone
nulling because the signal power of the sidelobes resonating 10
in the frequency range of the notch (e.g. from approximately
-151 MHz to -48 MHz) has the potential to interfere with
other radio system signals in the frequency range over which
it 1s desired to create a notch.

Because of the deleterious effects that sidelobes may have 15
on notch depth, 1t may be helpiul to cancel out, or reduce, the
sidelobes of one or more tones 1n order that signal power 1n a
certain frequency range may be further suppressed, or inter-
terence between adjacent tones reduced. Sidelobe reduction
can have the effect of further reducing signal power in anotch 20
relative to tone nulling alone, thus deepening the depth of the
notch. This effect 1s shown by trace 210 of FIG. 2: because of
sidelobe reduction, the power level 1n the frequency range of
the notch (e.g. from approximately —-151 MHz to —-48 MHz)
has been reduced to below -65 dBm. Increasing notch depth 25
reduces the likelihood that the UWB signal will interfere with
radio systems operating on frequencies substantially within
the notch. Increasing notch depth may also be necessary to
comport with regulatory requirements. For example, to
ensure that WiMedia UWB wireless systems adhere to the 30
regulatory requirements of various countries and do not inter-
tere with the operability of pre-existing radio systems, 1t may
be desirable to use notching 1 conjunction with sidelobe
suppression/reduction techniques to increase notch depth.

Windowing 1s one technique that can be used to reduce 35
sidelobe leakage. Windowing is a signal processing technique
used for manmipulating the power spectrum of a signal, in
which a signal 1s forced to substantially zero in areas by
applying a windowing function to portions of the wavetform.
The ettect of the application of a window to a UWB signal 1s 40
to accentuate a particular tone and/or reduce the sidelobes of
that tone. This 1s especially apparent in the frequency domain.

The sidelobe reduction effects of windowing in the fre-
quency domain are shown 1n FIG. 3: trace 310 1s an unwin-
dowed signal, while traces 320 and 330 are of a windowed 45
signal. As 1s apparent from a comparison of trace 310 and
traces 320 and 330, the application of a window has appre-
ciably reduced sidelobe power. The traces of windowed sig-
nals—i.e. traces 320 and 330—{all off towards zero appre-
ciably faster than unwindowed signal trace 310. Thus, by 50
using windowing to reduce sidelobes, the effect of these
sidelobes on adjacent tones may be similarly reduced and/or
emissions 1n adjacent frequencies may be better controlled,
resulting 1n greater notch depth and less potential interference
relative to tone nulling alone. 55

The rapid decline of sidelobe power towards zero can be
one factor 1n helping to reduce sidelobe interference because
not only 1s the power of the sidelobes resonating 1n the notch
reduced, but the number of tones having sidelobes which
materially affect the power levels 1n a notch 1s also reduced, 60
thereby reducing the number of tones which have the poten-
tial to interfere with other signals 1n the notched range of
frequencies. Another benefit of the rapid decline of sidelobe
power towards zero 1s the reduction in the number of tones
that can materially interfere with the mainlobe of any one tone 65
because the frequency range over which the sidelobes of any
one tone can materially atfect the mainlobe of another tone 1s

6

diminished, thus reducing the total number of tones that have
the potential to materially interfere with any one tone. The use
of a particular windowing function may affect the speed and
manner 1 which the sidelobes decline towards zero. Win-
dowing may also accelerate rolloif at band edges, thus reduc-
ing out of band emissions.

A potential problem with windowing, however, 1s that 1t
may distort a signal 1n a manner which causes data to be lost
at a receiver. The signal distortion effects of windowing may
be difficult to undo at a recerver, resulting in a loss of data. It
1s therefore desirable to minimize the distortive effects of
windowing which may interfere with data recovery at the
receiver and to undo windowing distortion to get back pre-
windowing signal energy. The windowing effects, distortion
and the complexity of techniques for undoing them, however,
depend 1n part on the windowing function and how 1t 1s
applied.

Rectangular windowing functions may have favorable
properties in the time domain but exhibit adverse effects in the
frequency domain. These effects may be difficult to undo at a
receiver. Thus, it 1s desirable to have a windowing technique
which reduces sidelobe contributions but which allows the
elfects of windowing to be minimized or readily undone at a
receiver. Additionally, it may be desired that these windowing
techniques have minimal impact on the width of the mainlobe
and energy capture performance at a receiver.

Embodiments of systems and methods of the present
invention provide windowing techniques which accomplish
those goals. More particularly, embodiments of the present
invention may provide windowing techniques which allow
the suppression of sidelobes while substantially maintaining
the width of the mainlobe. These techniques may be used to
ensure that transmitted data can be substantially recovered
from a windowed UWB signal. Specifical. Y, in one embodi-
ment, using a technique known as cyclic sullixing in conjunc-
tion with windowing at a transmitter reduces sidelobe contri-
butions to a UWB signal, thus reducing UWB signal power in
a range ol frequencies, while allowing for the effects of the
windowing to be minimized or undone at a recerver through
the use of a technique known as overlap-add.

Cyclic-sullixing 1s a technique 1n which a portion having a
length 1s copied from the start of a signal (or a portion thereot)
and appended to the end of the signal (or the end of the signal
portion). The portion of the signal that 1s copied 1s referred to
as the prefix, the appended copy of the prefix portion 1is
referred to as the suilix. Embodiments of the invention that
utilize cyclic suilixing can easily be used with the WiMedia
Spec1ﬁcat10n because the WiMedia Specification currently
has provision for a 32 zero guard suifix. This guard sullix 1s
used to ensure orthogonality between UWB signals, capture
multipath ringdown and ensure that a UWB signal has a
length that 1s at least the length of the longest period or cycle
of the frequencies comprising 1t. Instead of being used for a 32
zero guard suill

1X, the space reserved for the guard suifix can
be used to implement cyclic sullixing.

An 1illustration of one embodiment of cyclic suflixing 1s
shown in FIGS. 4A-4B. In FIG. 4A, signal 420A having
length Y 1ncludes a (prefix) portion 410 of length X. In FIG.
4B, prefix portion 410 1s copied and appended as suffix 430 on
the end of original signal 420A to create signal 420B. As
shown 1n FIG. 4B, the length of the combination of original
signal 420A and appended suilix 430 1s Y+X Thus signal
420B comprises original signal 420 A and suifix 430: as such,
signal 4208 has a length o Y +X.

In one embodiment of the invention, the concatenation of
the UWB signal and the suffix has a duration that encom-
passes at least one complete frequency period or cycle of all




US 7,782,924 B1

7

tones comprising the UWB signal. In another embodiment,
the concatenation of the UWB signal and the suifix has a
duration that 1s substantially an integer multiple of a period or
cycle of all the frequencies of the tones comprising the UWB
signal.

In some embodiments of the present invention, 1t may be
important to have a UWB signal or a portion of a UWB signal
with a duration equal to, or at least as long as, an integer
multiple of a period or cycle of all the frequencies of the tones
comprising the UWB signal to ensure orthogonality between
tones or UWB si1gnals and to facilitate circular convolution of
a UWB signal or UWB signal portion (circular convolution
may be applied at a receiver). This duration may also be
important because 1t can be utilized 1n conjunction with an
overlap-add step at the receiver to ensure the recovery of
complementary energy from a section of a UWB signal or
portion of a UWB signal affected by windowing, thus mini-
mizing or substantially undoing the effects of a windowing,
operation on a signal or portion of a signal.

Overlap-add may be utilized to enhance the energy capture
of atone. Overlap-add 1s a technique wherein samples from a
portion of a signal are copied or removed and overlapped and
applied to (1.e. through addition, multiplication or convolu-
tion) a different portion of the signal.

Overlap-add may be utilized in conjunction with a win-
dowing function such that the application of the overlap-add
to a signal to which a particular windowing function has been
applied will substantially reverse at least some of the effects
of the windowing techmque. FIG. 4C shows a cyclic sutlixed
signal after a windowing function has been applied. As can be
seen from FIG. 4C, both prefix 410 and suffix 430 of signal
420B have been affected by the windowing function. In one
embodiment, the overlap-add technique 1s applied as follows:
the suilix 1s copied or removed, overlapped with, and added or
otherwise applied to, the prefix. FIGS. 4D and 4E illustrate
this technique: sutlix 430 1s duplicated or removed and over-
laid and added to prefix 410. As shown in FIG. 4E, this results
in the substantial reconstruction of the signal power of prefix
410, thus substantially undoing windowing effects or distor-
tion. As further shown by FIG. 4E, 1if suilix 430 1s removed
and added to prefix 410, the length of signal 420C 1s Y. Thus,
in this embodiment, the length of signal 420C 1s equal to or
substantially equal to the length of original signal 420A. In
some embodiments, 1t could be possible to copy or remove the
prefix and overlap-add 1t to the sullix to achieve a result
similar to that described above.

When used 1n conjunction with cyclic suflixing, overlap-
add can be used to minimize the effects of windowing or
allow for the substantial reconstruction of a UWB signal,
thereby undoing the effects of the windowing. In other words,
the overlap-add technique may be leveraged to substantially
undo a windowing process. In some embodiments of the
invention, cyclic sullixing, windowing, and overlap-add tech-
niques and methods are implemented 1n logic or circuitry.

FIG. 5 shows a block diagram of an embodiment of the
present invention. At the output of Inverse Fast Fourier trans-
form (IFFT) 520 1n Transmitter 510, a time domain UWB
signal 1s cyclic sutlixed at logic block 530 by copying a prefix
of the UWB signal and appending the prefix to the end of the
UWRB signal as a suffix. A window 1s then applied (at logic
block 540) to the combination of the UWB signal and the
suifix, such that the UWB prefix and suilix are modified by
the windowing function. The windowed UWB signal 1s then
transmitted.

Following transmission by Transmitter 510, the windowed
UWB signal 1s received at Receiver 560. Prior to a Fast
Fourier Transform (FFT) procedure (logic block 570), an
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overlap-add function 1s applied to the UWB signal 1n the time
domain by logic block 580. In one embodiment, the suffix is
copied, overlaid with and added to the prefix.

A windowing function can be selected for application at
logic block 540 of FIG. 5 which aids 1n the reconstruction of
signal data from a signal transmitted by Transmitter 510 by
helping to minimize or substantially undo the effects of the
windowing procedure when an overlap-add procedure 1s
applied at logic block 580. For example, the windowing func-
tions used could be complementary functions, symmetric
functions, functions which are both complementary and sym-
metric or functions which are neither complementary or sym-
metric. A symmetric windowing function 1s a function which
has portions which are generally symmetric about the Y axis.
A complementary function 1s a function which has portions
such that when the portions are overlapped and added, the
portions sum substantially to unity. The use of specially cho-
sen or constructed windowing functions which are substan-
tially complementary and/or symmetric enables signal recov-
ery through the use of overlap-add at logic block 580.

Generally, the use of a symmetric windowing function at
logic block 540 may result in better sidelobe suppression and
deeper notch depth of a signal transmitted from Transmaitter
510, while the use of a complementary function may increase
the effectiveness of the application of an overlap-add function
and signal recovery at Receiver 360 relative to other window-
ing functions. A particular windowing function may substan-
tially enable undoing the effects of windowing 1f the over-
lapped window sections sum substantially to unity. In one
embodiment, 1n order to maximize signal recovery, the win-
dowing function can be selected to substantially maximize
the energy under the windowing function, allowing the recov-
ery or reconstruction of complementary energy during over-
lap-add at logic block 380. In one embodiment of the present
invention, the set of functions which may be used to construct
a windowing function to be used 1n conjunction with Cychc
sufﬁxmg and overlap-add techniques include tan h, cos”, sin”
or 1-sin”.

Embodiments of the present invention may use cyclic sui-
fixes of different lengths. The number of samples of the cyclic
sulfix may be chosen according to a particular application, or
other criteria, to achieve a desired balance between sidelobe
suppression and energy capture performance at Receiver 560.
Suppression of sidelobes may affect the energy capture per-
formance of a receiver. Thus, a desirable cyclic sulfix size
may be chosen based upon the application of the particular
wireless UWB system in which embodiments of the above
described invention may be utilized.

For example, 1n a line of sight application 1n which the
direct path signal can be captured with relative ease, and thus
adequate energy capture 1s not dependent on any multipath
signals, 32 samples may be utilized for better sidelobe sup-
pression. However, 1n an application in which there may not
be a line of sight, using 32 samples may degrade the multipath
performance to unacceptable levels. In this case, it may be
desirable to use 16 samples. In some applications or embodi-
ments, the cyclic suilix length may be substantially continu-
ously varied during operation of Transmitter 510 based on a
whole host of criteria such as signal strength, percerved inter-
terence, and multipath signal detection, among others. For
example, the cyclic sullix may comprise 8 samples, 16
samples, 32 samples, efc.

FIG. 6 1llustrates the time domain and frequency domain
effects of using a windowing function constructed using sin”
in conjunction with cyclic suffixes of different lengths. Traces
630A and 630B represent the utilization of a cyclic suffix
having a length of 24 samples. Traces 620A and 620B repre-
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sent the utilization of a cyclic suilix having a length of 32
samples. Trace 610 1s the trace of sidelobes of an unwindowed
signal. It will be noted with reference to trace 610 and traces
620B and 630B that no matter whether the cyclic suifix com-
prises either 24 or 32 samples, all other things being substan-
tially equal, a significant degree of sidelobe suppression rela-
tive to an unwindowed signal may be achieved. In fact, in
some cases better than a 10 dB 1ncrease 1n sidelobe suppres-
sion may be achieved. Additionally, note that the width of the
mainlobe has not changed (1.e. grown 1n width), or the change
in width of the mainlobe 1s substantially insignificant, when a
cyclic sutlix of either 24 or 32 samples 1s used.

In the foregoing, the mvention has been described with
reference to specific embodiments. However, one of ordinary
skill 1n the art appreciates that various modifications and
changes can be made without departing from the scope of the
ivention as set forth 1n the claims below. Accordingly, the
specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of mvention. For
example, though the above embodiments have been described
with respect to UWB radio, 1t will be apparent that the same
systems and methods will apply equally well to other fre-
quency ranges and other types of radios and transmission and
reception techniques.

Embodiments of the invention disclosed herein can be
implemented by programming one or more computer systems
(e.g., microcontrollers, digital signal processors, etc.) and
devices (e.g., Programmable Read Only Memory (PROM),
Random Access Memory (RAM), etc.) with computer-ex-
ecutable instructions embodied in a computer-readable
medium. When executed by a processor, these mnstructions
operate to cause these computer systems and devices to per-
form one or more functions particular to embodiments of the
invention disclosed herein (e.g., generate and apply a win-
dowing function, perform an overlap-add operation, etc.).
Programming techniques, computer languages, devices, and
computer-readable media necessary to accomplish this are
known 1n the art and thus will not be turther described herein.

Embodiments of the invention and components of the
invention disclosed herein can be implemented 1n hardware.

Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments.
However, the benefits, advantages, solutions to problems, and
any component(s) that may cause any benefit, advantage, or
solution to occur or become more pronounced are not to be
construed as a critical, required, or essential feature or com-
ponent of any or all the claims.

What 1s claimed 1s:
1. A method for shaping power spectrum of a Ultra-Wide-
band (UWB) signal, comprising:
at a transmuitter:
copying a portion having a length from the Ultra-Wide-
band (UWB) signal;
appending the portion to the UWB signal; and
applying a windowing function to the UWB signal,
wherein the windowing function i1s selected such that
applying an overlap-add function to the windowed
UWB signal will substantially undo the effects of the
windowing function.
2. The method of claim 1, wherein the windowing function
1s symmetric.
3. The method of claim 1, wherein the windowing function
1s complementary.
4. The method of claim 1, wherein the windowing function
comprises one of: tan h, cos 2, sin 2 or 1-s1in 2.
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5. The method of claim 1, wherein the length of the portion
1s 32 samples.
6. The method of claim 1, wherein the length of the portion
can be dynamically varied.
7. The method of claim 1, wherein the windowing function
can be dynamically varied.
8. The method of claim 1, wherein the windowed UWB
signal has a duration that 1s an integer multiple of a period or
cycle of all the frequencies of the tones comprising the UWB
signal.
9. The method of claim 1, further comprising transmitting,
the windowed UWB signal using the transmitter.
10. The method of claim 9, turther comprising:
at a recerver:
receiving the windowed UWB signal; and

applying an overlap-add function to the windowed UWB
signal such that the effects of the windowing function
are substantially undone.

11. A system capable of shaping the power spectrum of a
Ultra-Wideband (UWB) signal, comprising:

a transmitter, the transmitter comprising:

a cyclic sullix logical block configured to:
copy a portion having a length from the Ultra-Wide-
band (UWB), signal, and
append the portion to the UWB signal; and
a windowing logical block configured to:
apply a windowing function to the UWB signal, wherein
the windowing function is selected such that applying an
overlap-add function to the windowed UWRB signal will
substantially undo the effects of the windowing func-
tion.

12. The system of claim 11, wherein the windowing func-
tion 1s symmetric.

13. The system of claim 11, wherein the windowing func-
tion 1s complementary.

14. The system of claim 11, wherein the windowing func-
tion comprises one of: tan h, cos 2, sin 2 or 1-sin 2.

15. The system of claim 11, wherein the length of the
portion 1s 32 samples.

16. The system of claim 11, wherein the length of the
portion can be dynamically varied.

17. The system of claim 11, wherein the windowing func-
tion can be dynamically varied.

18. The system of claim 11, wherein the windowed UWB
signal has a duration that 1s an integer multiple of a period or
cycle of all the frequencies of the tones comprising the UWB
signal.

19. The system of claim 11, wherein the transmaitter 1s
turther configured to transmit the windowed UWB signal.

20. The system of claim 19, further comprising;
a recerver configured to
receive the windowed UWB signal

the receiver comprising an overlap and add logical block
configured to

apply an overlap-add function to the windowed UWB sig-
nal such that the efiects of the windowing function are
substantially undone.

21. A non-transitory computer readable medium compris-

ing a set of computer instructions, said set of computer
instructions executable to:

copy a portion having a length from a Ultra-Wideband
(UWB) signal;
append the portion to the UWB signal; and

apply a windowing function to the UWB signal, wherein
the windowing function is selected such that applying an
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overlap-add function to the windowed UWB si1gnal will

substantially undo the effects of the windowing func-
tion.

22. The computer readable medium of claim 21, wherein
the windowing function 1s symmetric.

23. The computer readable medium of claim 21, wherein
the windowing function 1s complementary.

24. The computer readable medium of claim 21, wherein

the windowing function comprises one of: tan h, cos 2, sin 2
or 1-sin 2.

12

25. The computer readable medium of claim 21, wherein
the length of the portion 1s 32 samples.

26. The computer readable medium of claim 21, wherein
the length of the portion can be dynamically varied.

277. The computer readable medium of claim 21, wherein
the windowing function can be dynamically varied.

28. The computer readable medium of claim 21, wherein
the windowed UWB signal has a duration that 1s an integer
multiple of a period or cycle of all the frequencies of the tones

10 comprising the UWB signal.
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